The main treatment for valvular disease consists in surgical replacement with mechanical or biological artificial devices; these are excellent mid-term replacements which greatly improve the patient's quality of life. However, long-term use of these devices (beyond 10-15 years) is associated with bleeding risks in the case of mechanical valves and degeneration, for biological valves (1) . Heart valve tissue engineering, the science of combining scaffolds and cells has the potential to revolutionize the field of valve surgery by providing functional, durable, and viable valves. To date, several approaches have been tested using synthetic and natural scaffolds and a variety of cells and bioreactors, but overall most approaches have not been successful on the long term when tested in animals or human patients as pulmonary or aortic implants (1) (2) (3) (4) . We hypothesized that one potential approach would be based on well characterized xenogeneic acellular aortic valve root scaffolds seeded with autologous adipose-tissue derived stem cells (ASCs). To test this hypothesis, we prepared porcine acellular aortic roots, injected them with autologous ASCs and implanted them in the right ventricular outflow tract (RVOT) of juvenile sheep.
Porcine valve roots were decellularized with detergents and enzymes using a pressurized perfusion system and then stabilized with polyphenols as described before (5) . Male juvenile sheep weighing about 35 kg were used for this study. After acclimation, we collected inter-scapular adipose tissue from each animal, isolated ASCs using a published collagenase-based procedure (6) and propagated them in culture for 3-4 passages. We then mounted each acellular aortic root within a decellularized bovine pericardial tube and seeded each cusp with 4 million autologous ASCs in 200 ul PBS by injection into the base of each cusp. ASC-seeded valved conduits were then implanted under general anesthesia in the right ventricle outflow tract (RVOT) with full ligation of the native pulmonary artery. Six animals (n=6) underwent implantation with autologous ASC-seeded valves and one with a non-cell seeded valve as control. Postoperatively antalgics, antibiotics, and diuretics were administered for 5 days. Anticoagulant (Fraxiparine 2 x 0.3 ml) therapy was maintained for the first 30 days and anti-aggregant treatment (Aspenter 75 mg/day orally) for the entire length of the study with a target follow-up of 4 months. 
Clinical follow up and analysis of explanted valves
The early post-operatory evolution of all animals was favorable, with rapid recovery and without immediate complications or early deaths (7/7 survival). The valve which has been prepared without ASC injection before implantation performed very well hemodynamically and exhibLetter to the Editor ited minimal echographic changes on follow-up. The explanted valve did not reveal any macroscopic changes, with the leaflets intact and mobile ( Figure 1A) . Histological analysis of the cusps showed complete absence of infiltrated cells, inflammation, calcification or thrombi and lack of fibrous tissue overgrowth ( Figure 1A) .
The six ASC-seeded valves had a different evolution. Progressively, at about 1 month post-implantation, animals started to present symptoms of right ventricular failure. These included dyspnea, tachypnea and ascites, which were correlated with echographic aspects of cusp thickening and reduced mobility, resulting in valvular insufficiency and right ventricular dilatation ( Figure 1B) . The pathology progressed slowly with time towards the same end-point (right ventricular failure), but not at the same rate for all animals. Considering the time-line of this pathology and due to humane considerations, we euthanized animals at 1, 3 and 4 months followup (n=2 per time point). Upon macroscopic evaluation, fibrous tissue overgrowth was observed in all valves, covering both distal and proximal anastomoses, the pericardial segments and also slowly enclosing the cusps. In advanced stages, the fibrous overgrowth completely covered all three cusps, essentially creating a non-valved conduit for the right outflow tract ( Figure 1B) . Histology confirmed these results, showing the presence of a 100-300 um thick, well developed fibrous tissue rich in fibroblasts and connective tissue ( Figure 1B) covering intact cusp tissues. No cells of any kind (seeded or infiltrated) could be detected in any of the cusps, including lack of any infiltrated inflammatory cells or fibroblasts and no thrombosis occurred at any cusp surface. Calcification was absent from all cusp tissues analyzed and only 2 explanted aortic wall samples exhibited small nodules typical of calcification (Alizarin Red stain, data not shown).
Discussions, Conclusions and Limitations
In order to generate living tissue engineered valves we chose to harness the outstanding hemodynamics and 3D structures of the porcine aortic root and the regenerative potential of autologous adult stem cells. By combining the two components and subjecting them to mechanical stimuli typical of the valve milieu, we expected that ASCs would be able to differentiate into valve cells and maintain valvular matrix homeostasis. To our knowledge this is among the first attempts to revitalize the cusp interstitium with autologous ASCs. We then mounted the acellular aortic roots within pericardial conduits and used them for extra-anatomic implantation of valves in the RVOT. Overall, acellular valve roots proved to be hemodynamically adequate scaffolds for valve tissue engineering in the sheep model and were not affected by immune rejection, calcification or thrombosis in this animal model. Implantation of ASC-seeded valves however, was associated with progressive and persistent chronic covering of valve tissues with host fibrous tissue overgrowth, which eventually lead to right ventricular insufficiency. Although not initially developed for tissue engineering, sheep implantation as recommended by the FDA, continues to be the animal model of choice for testing of acellular valve scaffolds, despite the fact that the sheep is known for its propensity to develop variable degrees of fibrotic responses to implants (7-9). It is not clear at this point what initiated the fibrotic reaction in our study and whether that was associated directly with the seeded ASCs. The absence of any seeded ASCs in the interstitium of the valves could possibly be due to presumptive vulnerability of ASCs to mechanical forces, but this has to be tested more extensively.
The major limitation of this study is the small number of animals tested. Although we started with n=6 for the ASC-seeded valves, their progressive covering with fibrous tissue, development of right ventricular insufficiency, and humane considerations forced us to euthanize several animals before the targeted time point. Similar results have been obtained recently by our group using ASC-seeded acellular pulmonary valves (10), pointing to a causal relationship between stem cell seeding and tissue overgrowth in the sheep. Clearly, additional studies with larger sample sizes and more detailed tracking of the fate of ASCs after implantation are needed to answer some of the above-mentioned questions.
